Stanford-Binet and Wechsler Adult Intelligence Scale (WAIS) IQs were compared for a group of 74 adults with intellectual disability (ID). In every case, WAIS Full Scale IQ was higher than the Stanford-Binet Composite IQ, with a mean difference of 16.7 points. These differences did not appear to be due to the lower minimum possible score for the Stanford-Binet. Additional comparisons with other measures suggested that the WAIS might systematically underestimate severity of intellectual impairment. Implications of these findings are discussed regarding determination of disability status, estimating prevalence of ID, assessing dementia and agingrelated cognitive declines, and diagnosis of ID in forensic cases involving a possible death penalty.
substantial impairments in adaptive functioning, and (c) onset prior to adulthood (e.g., American Association on Mental Retardation, 2002; American Psychiatric Association, 2000) . While considerable debate has focused on characterization of adaptive deficits and associated criteria defining "substantial" impairment (e.g., Clausen, 1972; Reshly, Myers & Hartel, 2002; Widaman & Siperstein, in press ), there has been a longstanding consensus regarding best practice for the assessment of intellectual impairment. The gold standard has been a broadly focused and individually administered IQ test that provides a comprehensive measure of overall intelligence (often with other scores reflecting more focused domains of cognitive competency). Historically and currently, the two instruments most widely used in the United States have been the Stanford-Binet (e.g., Roid, 2003) and Wechsler Intelligence Scales (e.g., Wechsler, 2008) , although other options are certainly available (see Reshly et al., Chapter 3) . While Flynn (1984; 1985) noted that populations improve over time in performance, suggesting needs for periodic restandardization, the validity of these IQ tests when properly administered has been and continues to be broadly accepted (Harrison, Kaufman, Hickman & Kaufman, 1988.) In practice, both the Stanford-Binet and one of the Wechsler tests are often used for assessing intelligence of children and young adolescents. However, because earlier versions of the Stanford-Binet were not normed for older ages, the various editions of the Wechsler Adult Intelligence Scale (WAIS) became the dominant IQ assessment for adults (see Baroff, 2003; Harrison, et al, 1988) . In principle, this fact should have little clinical importance, and results from Stanford-Binet, Wechsler, and other IQ tests with comparable scaling and psychometric properties have been assumed to be largely equivalent as long as floor and ceiling effects are avoided.
Should this assumption of equivalency in IQs be compromised, and should substantive differences exist between these assessment instruments, it could have important implications, especially regarding their use in high stakes contexts (e.g., disability determination and forensics). Of course, no psychological assessment provides an absolutely perfect reflection of the underlying construct(s) it seeks to measure, in this case intelligence, but if two gold-standard procedures consistently produce divergent results, then the validity of test-based inferences would have to be questioned.
This very concern has been raised for adults with ID in the past. Bensberg & Sloan (1950) found that WAIS IQs of a group of adults with ID were higher than their Stanford-Binet IQs by from 7 to 20 points, the magnitude of difference increasing with age at test administration. Brengelmann & Kenny (1961) reported an advantage of 8 points for the WAIS compared to the Stanford-Binet, Spitz (1986) an advantage of 12.4 points, and Nelson & Dacey (1999) an advantage of 14.6 points. In fact, the Stanford-Binet Fourth Edition Technical Manual described a 9.3 point advantage for the WAIS for adults with ID (Thorndike, Hagen & Sattler, 1986) . While the data have been quite consistent, interpretations of their implications have varied. On one extreme, Spitz (1986) concluded his paper with a plea to the field to address the divergence in findings or "abrogate our responsibilities." In contrast, Thorndike et al. were content with attributing the apparent WAIS advantage to the fact that the Stanford-Binet allowed for an expanded range of scores in the lower tail of the performance distribution, and this seems to have become the generally accepted understanding to date.
In previous eras, differences between WAIS and Stanford-Binet IQ test results would have been predominantly of academic interest. The presence of ID was almost always established during childhood or adolescence, and the diagnosis would have followed the individual into adulthood given its accepted status as a lifelong impairment. However, more recent conceptualizations of ID have changed this substantially. ID is no longer defined as a static characteristic of an affected individual (e.g., American Association on Mental Retardation, 2002) , and diagnosis in adulthood needs to be established (or reestablished) based upon evaluations at the time relevant issues are addressed. This dramatically increases the significance of testing during adulthood. Should different testing instruments provide systematically different outcomes, the nature of the differences needs to be carefully characterized, potential implications need to be broadly appreciated, and consensus needs to be developed for valid interpretation of scores. The current analyses were conducted to examine these issues with respect to the Stanford-Binet and WAIS within the adult population with ID.
Method
Comprehensive clinical record reviews were conducted for 542 adults with ID participating in a larger, multidisciplinary study focused on aging and dementia in adults with ID (see Silverman et al., 2004) . All procedures, including the collection of test results from clinical records, were reviewed and approved by appropriate Institutional Review Boards (IRBs) to ensure protection of research participants. Informed consent as well as assent (when consent was provided by a correspondent) was obtained in every case prior to data collection.
Clinical record reviews were standardized employing a 65-page format that recorded all information on demographics, current health status (including all illnesses, medications and lab results), health history, sensory status, and developmental history. This initial chart review was supplemented using an abridged format (31 pages) during follow-up assessments occurring at 14 -18 month intervals (the number of which varied with length of participant enrollment). Chart reviews included the results of 1,851 psychological assessments explicitly relevant to a diagnosis of ID. These tests had been conducted over the course of many years and provided data for the present analyses. Information recorded included test name, score(s), and date of administration.
An initial inspection indicated that at least one Stanford-Binet or WAIS IQ score was available for 225 individuals. These tests were administered between 1949 and 2005, and covered a wide range of ages at assessment (5 -81 years of age). All of the various test editions were represented in this sampling except for the Stanford-Binet Fifth Edition and WAIS-IV, and specific format could have varied within as well as between individuals. Seventy-four individuals were tested with both a Stanford-Binet and WAIS on one or more occasions, and these 74 adults were the primary focus for the current analyses. In all cases, knowledge of IQ test results was unavailable at the time of enrollment and inclusion for the present analyses was based simply on score presence without any further consideration.
Many other test results were also recorded, the most frequent other than a WAIS or Stanford-Binet being the Leiter International Performance Scale (Levine, 1993) , the Slosson Intelligence Test (Nicolson & Hibpshman, 1991) , and the Vineland Adaptive Behavior Scales (Sparrow, Balla & Cicchatti, 1984) . All recorded assessment data were entered into a Microsoft Access database, and these data were merged with descriptions of individuals' gender, birthdate, and Down syndrome status (present/absent) for analyses using Statistica 8.0 (Statsoft, 2008) . Duplicate entries were possible, given that multiple chart reviews were conducted at 14 -18 month intervals. These were removed prior to analysis based upon test name, date and score. Because multiple results were sometimes available, median IQs were calculated for Stanford-Binet and/or WAIS IQs for each individual to consider all available data in generating an estimate of his or her true IQ. (Regarding Stanford-Binet assessments, 42 people had one score available, 14 had two, 11 had three, and seven had more than three. For the WAIS, 41 had one score, 25 had two, four had three, and four had more than three.) Median composite scores for Leiter, Slosson, WISC and Vineland Scales, when available, were also calculated. (Unfortunately age-equivalent Vineland scores were often recorded without a composite, and only composite scores were included in the present dataset).
Results
Demographic characteristics of the 74 individuals assessed with both Stanford-Binet and WAIS IQ tests are summarized in Table 1 . As the table indicates, women were over sampled, as were adults with Down syndrome. (This was a consequence of the priority interests of our broader program, which included studies of aging effects on women's health and the association between Down syndrome and Alzheimer's disease.) Therefore, an initial mixed model analysis of variance was conducted to determine if etiology or sex had differential effects on profiles of IQ scores. Etiology (Down syndrome -Yes/No) and Sex were between subjects variables and Test (WAIS/Stanford-Binet) was the within subjects variable. IQs of males and females were comparable, F (1, 70) = 1.7, p >.1, but adults with Down syndrome had lower IQs than those with ID due to other causes, F (1, 70) = 23.6, p <. 0001. (This latter finding was also a consequence of inclusion criteria for our broader program of research, which excluded adults without Down syndrome with relatively severe ID.) A small but significant Sex by Test interaction, F (1, 70) = 4.02, p < .05, reflected a four point advantage for women on the Stanford-Binet contrasted with a one point advantage for men on the WAIS, while a possible Etiology by Test interaction, F (1, 70) = 3.52, p < . 07, reflected a small relative disadvantage for adults with Down syndrome for the Stanford-Binet. In both cases, these effect sizes were quite small (partial η 2 < 0.06) and had only marginal effects on the substantial differences observed between the two tests described next (partial η 2 = 0.882).
Analyses of primary interest focused on contrasts between the WAIS and Stanford-Binet
IQs within this group of 74 individuals. Figure 1 illustrates these findings as a scatterplot, with median Stanford-Binet IQ values along the x-axis, median WAIS IQ values along the y-axis, and a diagonal plotted to designate equality. Clearly, WAIS IQ was higher for all individuals, exact probability < 10 −22 , and the mean difference of 16.7 points was significant, t (73) = 24.4, p < .00001. Interestingly, there is a strong linear correlation between the two measures despite the systematic differences, r (72) = .818, p < .000001, suggesting that, as expected, scores on the two scales reflect the same underlying construct(s).
To examine results in somewhat greater detail, distributions of differences were generated (Table 2) . Because adults with Down syndrome have been over-sampled within our broader program, and because Down syndrome is associated with a distinct cognitive phenotype (see Silverman, 2007) , findings were examined separately for individuals with and without Down syndrome. As indicated in Table 2 , etiology had an insignificant effect on the findings of primary interest, χ 2 (4) = 6.6, p > 0.1. Differences of more than 10 points were present for 85.1% of the group and more than 20 points for 24.3%, with a range of from 4 to 31 points.
Several potential confounds might have contributed to the striking and systematic divergence between Stanford-Binet and WAIS scores, and these will be addressed in turn. One likely factor is the difference in the minimum scores provided by the two scales using routine scoring, the Stanford-Binet extending to a lower bound (e.g., Thorndike et al, 1986) . To address this possible confound, the analysis was repeated only for individuals receiving a WAIS-IQ of at least: (a) 55, t (44) = 22.54, p < .00001; (b) 60, t (28) = 18.05, p < .00001; or even (c) 65, t (18) = 13.68, p < .00002. For these higher IQ subsamples, the mean difference between WAIS and Stanford-Binet IQs ranged from 19.0 to 19.8 points.
Another possible confound could have been due to differential practice, and this was addressed in two ways. First, the magnitude of practice effects was estimated separately for the two instruments by comparing the first available IQ score of each individual to his or her second IQ score (for individuals tested more than once). Considering all available records, 75 individuals were tested more than once with a Stanford-Binet, and mean scores differed by less than one point between their first and second testing, t (74) = 0.38, p > 0.7. A similarly nonsignificant practice effect of less than one point was found for the 32 individuals with at least two Stanford-Binet IQs within the subsample of 74 described above, t (31) = 0.89, p > 0.3. For the WAIS, the improvement from the first to second testing was one point for all available data, t (95) = 1.4, p > .15, and 1.5 points when only the subset of 74 cases was considered, t (32) = 1.1, p > .29. Next, each of the 74 individual's first Stanford-Binet score (rather than median to provide a clearly defined date of testing) was compared to their first WAIS result to determine if testing order had an effect. A mixed model analysis of variance with Order as a between subjects variable and Test as a within subjects variable showed that receiving the WAIS first produced an insignificant overall advantage of just under 3 points, F(1,70) = 1.8, p < 0.18, while the Test by Order interaction failed to approach significance, F(1, 70) < 0.1. A 16.3 point difference between the two IQ assessments was again significant, F(1,70) = 391.8, p < .00001, and, as was the case for median IQs, every individual scored higher on the WAIS.
A third possibility has been raised by Flynn's (1984; 1985) observation that populations tend to improve by approximately 0.3 IQ points per year referenced to a fixed format and standardization sample. If WAIS testing was conducted using editions that were many years older relative to the Stanford-Binet, then that might contribute to the observed WAIS advantage. Of course, the effects described here are far larger than any "Flynn effect" could have caused, but the possibility of a partial contribution merits investigation. Therefore, the interval between assessment date of the first Stanford-Binet and WAIS assessment for each individual and publication date was calculated in years. Following Flynn, this value was multiplied by 0.3 and the obtained value was subtracted from the respective IQ to generate an "adjusted" score. All individuals but two continued to have higher scores for the WAIS compared to the Stanford-Binet, p < 10 .−20 , and the 15.6 point mean difference between IQs was significant, t (73) = 17.83, p < .00001. (For the two cases now failing to show a WAIS advantage, one person had the same adjusted score for both IQs and the other had a two point advantage for the Stanford-Binet.)
These findings represent clear and compelling evidence of substantive differences between Stanford-Binet and WAIS IQs for the adult population with ID, but they do not suggest which of the two scales provides the more valid score. To address this issue, scores on the Stanford-Binet and the WAIS were compared to other assessments. To increase the number of cases considered in these analyses, scores from individuals with either a Stanford-Binet or a WAIS IQ were included rather than restricting the sample to just the 74 individuals tested with both IQ assessments. The first "reference" was the Vineland Adaptive Behavior Scale (Sparrow et al, 1984) . Unfortunately, the number of individuals with data available for both the Vineland, expressed as an overall composite score, and a WAIS or Stanford-Binet was limited, but results seemed clear enough. Only one of 17 Vineland scores (5.9%) fell above its respective WAIS score compared to seven of 15 (46.7%) for the Stanford-Binet, exact probability < .01. Further, while there was no difference between Stanford-Binet and Vineland scores, t (14) = 0.22, p > 0.8, WAIS scores were significantly higher than their Vineland counterparts, t (16) = 6.74, p < .00001. An additional set of analyses employed other IQ tests as a reference (Leiter, Slosson or WISC formats). Stanford-Binet scores were comparable, t (11) = 0.87, p > 0.4, while WAIS scores were higher, t (10) = 3.49, p < .01.
Discussion
It seems fair to say that the Stanford-Binet and WAIS IQ tests are among the most carefully developed and well respected instruments ever developed in the field of psychological assessment. Of course, the history of intelligence testing is not without its controversies and unfortunate episodes (see Kamin, 1974; Neisser, 1998) , and debate persists regarding the definition of intelligence and its fundamental nature, both psychological and biological (see Sternberg & Kaufman, 1998) . Nevertheless, professional awareness of the many factors that can potentially influence testing results has increased substantially in recent years, and in the vast majority of instances the well-established individually administered IQ tests provide valid (although imperfect) indications of general intelligence. This high regard has been well earned, with decades of experience demonstrating the outstanding characteristics of these scales. That makes the current findings of substantial differences in test outcomes between Stanford-Binet and WAIS IQs for adults with ID all the more surprising, impressive, and alarming. (Flynn, 2009 , discussed possible overestimations of IQ specific to the WAIS-III. However, that effect was too small to explain the present findings, and in any case a preponderance of the present WAIS data predated the WAIS-III.)
Certainly, consistent disparities between IQ test results raise important issues for test developers and users. They suggest that intensified efforts need to be devoted to standardization within the tails of population distributions, clearly for the Stanford-Binet and WAIS and perhaps for all assessment instruments measuring a wide range of abilities, but consideration of the relevant technical issues are beyond the scope of this discussion. Here, the focus will be on more immediate implications of substantial practical import. These are: (a) disability determinations for SSA entitlements, (b) estimating the prevalence of ID, (c) assessment of age-associated declines in cognition, and (d) diagnosis of ID in forensic settings.
Disability determinations
People with ID legally residing within the United States are entitled to support through the Social Security Administration (see Reschly et al., 2002) . For ID (still referred to as mental retardation in many jurisdictions), eligibility for adults is demonstrated by: (a) a valid contemporaneously established IQ of 59 or less (including people who are so severely impaired that they are untestable), (b) a valid IQ between 60 and 70 and another substantial physical or mental impairment, or (c) a valid IQ between 60 and 70 and substantial functional impairments (Social Security Administration, 2008) . While it is acknowledged that test imprecision can allow people with "true" IQs just under 70 to score higher by chance, and scores as high as 75 might be allowed, it is clear that any IQ result in the 60's and over imposes an increased burden of proof on the individual in question, especially for scores between 70 and 75. A score exceeding 75 would result in rejection of an application for disability benefits unless some other qualifying condition was noted. Table 3 summarizes data recast to show the clear implications for SSA determinations. Based upon Stanford-Binet results, 94.6% of the current sample would be eligible for benefits on the basis of IQ testing alone (assuming that requirements of age at onset and economic need are also met). However, assessments using a WAIS provided sufficient evidence of ID for only 60.8% of this sample, and therefore many individuals within this sample, all of whom have clearly documented ID, would be required to provide additional evidence of their disability. Perhaps most important in this context, only one of seven individuals with a Stanford-Binet IQ of 55 or over (all under 70) had a WAIS IQ under 74 (see Figure 1) .
Given current conceptualizations of ID that require contemporaneous determinations of IQ, there is strong justification for alerting examiners to this difference. Results from these two tests are clearly not equivalent for this population, and consensus is needed regarding a preferred "gold standard" for SSA disability determination. The comparisons with other measures presented herein suggest that the WAIS may be systematically overestimating capabilities (although these data should be interpreted cautiously given the small samples), and should the Stanford-Binet IQs be valid, practice based on WAIS test results might actually be employing a criterion of three standard deviations below the population mean. While there has always been broad awareness of the arbitrary nature of an IQ-based criterion of 70 for defining ID, such restrictive eligibility has never been envisioned in either past or current policy.
Prevalence of ID
Prevalence estimates of ID have been quite variable in recent decades. This is illustrated perhaps most clearly by differences among various states for school-age populations (e.g., U.S. Department of Education, 2009), with estimates ranging from 0.32% for Maine to 2.48% for West Virginia. Variation in diagnostic labeling policies are one contributing factor, although it is far less clear if relevant assessment practices are involved (e.g., MacMillan, Gresham, Siperstein & Bocian, 1996) , but whatever the root causes of differences in prevalence estimates, there seems to be consistency in at least one respect. Prevalence estimates for ID drop precipitously from school age (peaking at 2.03% nationally) to 18 and over (0.52%) (see Larson et al., 2001) . Differences in surveillance practices would be one obvious explanation for this phenomenon, but others have been proposed. Some have suggested that adapting to life as an independent adult is associated with less demanding expectations for many individuals compared to those within school settings, and that the drop in estimated prevalence of ID accompanying transition from school to adulthood reflects the true state of functional status (see American Association on Mental Retardation, 1992). Intuitively, though, it seems hard to believe that our technically sophisticated and highly competitive culture imposes lower demands on independent adults than it does on children, and Tymchuk, Laken, & Luckasson (2001) included extensive discussions of the difficulties encountered by adults with relatively mild ID (there called "mild cognitive limitation") struggling to cope with the challenges of every day life. These discussions suggest that the adult prevalence of ID may be systematically underestimated, and a reexamination of criteria and methods used to define and to identify this population would be in order.
While it may be coincidental, it seems worth noting that IQs of school children suspected of having ID are typically assessed using either the Stanford-Binet or WISC (which also seems to underestimate WAIS IQ, e.g., Spitz, 1988) , while adults would be tested with a WAIS more often than not. If scores for adult assessments tend to be, on average, 7.5 points higher (0.5 S.D.) simply because the WAIS is the dominant instrument of choice for this population, then straightforward reference to the normal distribution suggests that the overall percentage of adults scoring 70 or below would change from 2.3% to 0.6%, corresponding nicely to the drop in prevalence documented in national surveys (see Larson et al., 2001) . Of course, a difference of 0.5 S.D. is considerably smaller than that found here, but whatever the contribution of test selection, the public health significance of ID cannot be addressed effectively unless and until we determine the true size of the affected population and the nature of the associated impairments. The present findings indicate that more thoughtful selection of assessment methods is required to accomplish these tasks.
Declines with aging
Like everyone else, adults with ID are now living longer than ever before, and elderly individuals within this population should be at comparable (perhaps greater) risk for the same concerns their peers without ID face regarding changes in health status and cognitive capabilities. One particular concern focuses on old-age dementia, the most prevalent cause being Alzheimer's disease. Assessment of dementia in adults with substantial pre-existing cognitive/intellectual impairments is particularly difficult given that expectations for "nondemented" performance are very different for individuals with true IQs of 40 versus 65 (see Silverman et al., 2004) , not to mention under 70 versus 100 and over. Pre-morbid IQ should influence both selection of appropriate instruments for assessment of performance as well as judgments formed from clinical evaluations, and it is abundantly clear that the sets of Stanford-Binet and WAIS IQs described herein cannot both provide valid indications of performance expectations. It is important to determine how best to use IQ test results to inform diagnoses given that commonly used tools to assess dementia in the general population were never designed to distinguish with precision between lifelong impairments versus those of recent onset.
Death Penalty Cases
The Supreme Court case of Atkins v. Virginia (2002) established that people with ID convicted of capital crimes are no longer subject to the death penalty. As is the case for SSA eligibility determination, contemporaneous evidence of a "true" IQ of 70 or below needs to be provided as evidence of ID. Of course, evaluators need to be aware of context-specific concerns like malingering, but differences between the WAIS or Stanford-Binet should not be among these concerns. Nevertheless, the present findings indicate that a Stanford-Binet is far more likely to support a diagnosis of ID. Baroff (2003) addressed this issue explicitly within the death penalty context, and consistent with Thorndike et al. (1986) , attributed the difference to the lower floor for the Stanford-Binet. Baroff concluded his discussion with a recommendation that the WAIS continue to be the preferred choice for assessing adult intelligence in forensic settings. He also emphasized that IQ tests should never be selected based upon expectations of a higher or lower result if psychologists are to retain credibility with the courts, and that is undoubtedly correct. Nevertheless, psychologists cannot meet their ethical obligations in these cases without knowing which test provides the most valid estimate of true intelligence. The present data for individuals with relatively higher IQs, though sparse, indicate that differences between the Stanford-Binet and WAIS IQ tests can no longer be summarily dismissed as merely reflecting the scales different floors. When test results are informing judgments of literal life and death, any suspected uncertainty regarding the validity of outcomes must be addressed aggressively.
Conclusion
This was far from a perfect study, and an ideal design would have imposed greater controls over assessment procedures and timing. Nevertheless, the present findings reflect real clinical practice over a period of many decades, and the methods employed would not have biased findings for WAIS and Stanford-Binet assessments systematically. The differences found between WAIS and Stanford-Binet IQs of adults with ID described herein are too stunning to ignore and far larger than expected based upon established measurement precision for these two instruments. They call into question the validity of many previous IQ assessments for adults with a developmental history suggestive of ID, and it is particularly troubling that past evidence of substantial divergence among these two gold standard IQ assessments had been so easily dismissed. Efforts now need to focus on determining the reasons for the discrepancies, the validity of these two scales within this lower range of performance, and whether comparable differences persist for the Stanford-Binet Fifth Edition (Roid, 2003) and the WAIS-IV (Wechsler, 2008) . More generally, the validity of scores at substantial distances from their respective population means might need to be verified for other instruments developed to measure a wide range of performance.
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